A microstructural study was conducted on 15 cobalt-chromium-nickel alloys of the basic composition 40 Co-30 Ni-30 Cr. The alloys were strengthened by the addition of tantalum and tantalum-rich regions were found at the interdendritic spaces. The increase in Ta concentration caused a decrease in the concentration of the a phase and an increase in the amounts of the a phase. Excessive amounts of Ta resulted in formation of the a phase. The failure of the alloy occurred as a result of the interconnection of a regions.
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In part I of this series of articles, alloy design was discussed. It was stated that the addition of tantalum (Ta) to cobalt (Co)-chromium (Cr)-nickel (Ni) alloys may stabilize the ductile face-centered cubic (FCC) phase and should decrease the concentration of the less ductile hexagonal close-packed (HCP) phase. ' The experimental results of mechanical testing were presented in part II of this study; they showed that the addition of Ta etched with E-1 is shown in Figure 1 . The same specimen that was etched with E-1 and E-2 is shown in Figure 2 was determined as a supplement to phase identification and to test for phase transformation. A microhardness tester,* a Knoop indenter,t a 25 gm load, and a 4mm objective lens (X750) were used.
Results
The micrograph of alloy A1B1 that contained no Ta (Fig 3) , revealed three phases: a continuous matrix phase; a discontinuous phase; and a third phase that appeared as black dots in the matrix region. The matrix is called C, the discontinuous phase is called D, and the third phase that appears in the C region is designated as A.
The addition of 2% (A.,B.,) to the alloy base did not cause a significant change in the microstructure of the alloy. The amount of D phase decreased and then disappeared when the Ta content was increased. The gradual decrease of phase D is illustrated in Figures 3 to 6; these alloys contained 0 to 15.2% Ta. Figures 3 to 6 demonstrate that a new phase was precipitated within the C phase; this phase is called B and its amounts increased with Ta concentration.
In the microstructure of alloys with higher concentrations of Ta (more than 12%), there was a precipitation of larger quantities of phase A. The quantities of A increased with Ta as can be seen in Figures  5 and 6 . An equivalent change in Ta concentration in alloys that contained less than 12% Ta does not cause a large change in the amount of phase A. A light etching of the alloys (Fig 7) reveals that phase A has a vitreous appearance that is characteristic of n-type phases. Phase B has small colonies of precipitate.
The relationship between the A phase and crack initiation can be studied by comparing Figures 8 to 10. These three figures are one specimen; the only difference is the distance from the fractured end. As the figures indicate, the various regions of A are connected by minor fractures.
A summary of the microhardness test results of the various phases is given in Table 2 . Table 2 illustrates that the hardness of phase D remained constant and that of phase B increased slightly with Ta concentration. Phase A was the hardest phase in all instances. Phase C decreased in hardness with Ta up to 7.4%; then, its hardness increased gradually with Ta. Before the Fig 1) is a. The next hardest phase (C , Fig 1) is (3, and the hardest phase (A, Fig 1) is a. This conclusion conflicts with the phase-ratio calculation, which shows that the ( phase should be 11.5%. The photomicrograph of Figure  1 indicates that the continuous phase, which is marked C, is more than 11.5%. The aforementioned conclusion is also contradicted by the fact that the hardness of the a phase was reported to be KHN 300; this is lower than the value of KHN 367 that was obtained in this study.
On the basis of hardness results, phase A in Figure 1 can be accepted as a, and phase D can be accepted as a + (. The nature of phase C will be determined later in the discussion. Phase B, which begins to appear when Ta concentration is higher than 6% and increases in concentration with Ta, can be considered Co3Ta. The latter conclusion is supported by an X-ray diffraction analysis, which will be presented in part IV of this study.
The nature of phase C has not yet been identified. The hardness of phase C decreased from KHN 460 for the alloy that had no Ta to KHN 381 when Ta concentration was 7.4%. At this concentration of Ta, the hardness of phase C and that of phase D, which was identified as a + (, are equal.
The addition of Ta results in a decrease of the hardness of phase C only if it causes the unstable a -e stable a transformation. In part I, the stacking fault energy (SFE) theory was introduced.' It was indicated that the addition of Ta raises the SFE and stabilizes the face-centered cubic a phase. A region of unstable a has a high concentration of stacking faults; it is a region of a that has small regions of (3 within it. These stacking faults harden and embrittle the region as a result of inhibition of the flow of dislocations. The addition of Ta raises the SFE and stabilizes the a phase. Stabilization of the a phase is a process that eliminates stacking faults and softening. Therefore, the continuous C phase in Figure 3 may be called unstable a.
This conclusion can be supported by two more arguments. First, the a phase limits its precipitation to the continuous phase C. Sims5 indicated that stacking faults precede 6 formation in a-prone alloys; the existence of stacking faults or a is an indication of the presence of the other.
Secondly, Johnson's6 work supports the aforementioned conclusion. When the hardness of what he called unstable a + ( was obtained, transformation striations were observed at the periphery of the indentation. These striations indicate the a --> ( transformation. Similar striations were obtained in the C region in the alloys that had less than 8% Ta. A photomicrograph of these striations in alloy A3B3 (3.9% Ta) is illustrated in Figure 11 . 
